Introduction
In screw conveyors, as a result of friction of the displaced bulk material transported by means of a screw surface rotating around its own axis, the face (upper) and side face of the screw conveyor (coils of the screw surface wound on the screw shaft) are consumed. The capacity of the conveyor is significantly dependent on the wear of the front face of the screw coil. In order to reduce the wear of the worm exploited in the abrasive wear conditions in the building materials industry, mining industry, etc., the side and top surfaces of the coils are most often coated with chromium cast iron.
The purpose of the work was to determine the possibility of regenerative surfacing of the upper surface of screw coils of the screw conveyor with residues of the hard layer welded previously with chromium cast iron, operated in metal-mineral abrasion conditions and development of the powder coating technology based on nanomaterials, for high abrasion resistance. A powder wire EnDOtec DO*390 [1] was selected for the tests.
The subject of the research were screw coils (basic material -S355JR sheet steel, 8 mm thick), productively welded with chromium cast iron EN 14700: Fe15, martensitic structure + chromium carbide. The thickness of the padding layer deposited on the upper surface of the coils was 8.1÷9.2 mm, and on the lateral surface of the screw coils, 3.5÷6.5 mm. On the lateral surface of the screw coils and on the upper surface, cracks characteristic for layers welded with the chromium cast iron were found. The width of these cracks Eugeniusz Turyk, Igor Aleksandrowicz Riabcew, Marcin Melcer ranged from <0.05 mm to ≤0.50 mm. On the upper surface of some coils, there was also a detachment of the padding layer with a depth of up to 11 mm and a length of up to 30 mm, as well as gas pores up to 12.2 x 4.9 mm and depth up to 3.9 mm (Fig. 1) .
Welding filler materials with nanopowders
In the production of flux cored wires coating wires and metallizing powders, hardly fusible nanopowders and those with high hardness, such as tungsten and chromium, are used in some cases. They are hard to fragment and their medium and large fractions are used (in case of tungsten with an average size of 200÷500 nm), referred to as ultra-dispersive materials [2] . The grain dimensions and nature of the crystallized metal are influenced by the technological conditions of surfacing, fractional composition and microstructure of the powder constituting the filler material, which is confirmed by studies of the impact of carbide compositions with dimensions of nanostructured materials introduced into the charge of powder wires [3] . The use of charge materials containing nanowires carbides in flux cored wires for arc welding leads to the fragmentation of the padding structure and a more even distribution of alloying elements. Weld deposit of flux cored wires, whose charge contains nano-sized carbides, has a higher resistance to heat and wear on metal-to-metal
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The purpose of the work was to determine the possibility of rebuilding of the screw coils upper surface of a screw conveyors welded previously with chromium cast iron. The variant of surfacing directly on the residues of the hard layer and with the buffer layer was considered. The technology of hardfacing the coils after removal of the hardening upper layer and the technology of welding of new elements with the use of EnDOtec DO*390 flux cored wire has been developed to provide a NanoAlloy structure with boron nanocarbons in the iron matrix. sliding friction. In the case of plasma-powder welding, powder of fine fractions (40÷125 nm) melts in the arc and significantly overheats in the welding pool, and when it cools, large dendrites grow. At the content of large fractions 200÷250 nm or 315÷400 nm, the structure of the padding layer is fragmented [4] . The operational properties of machine parts with nano coatings depend on their nanometric structure. For surfacing parts of machines which operate in metal-mineral and metal-mineral-metal abrasion and moderate impact conditions, an EnDOtec DO*390 powder wire is recommended (classification EN 14700: ZFe16), which provides a NanoAlloy structure with nanocarbides in the iron matrix [1] . In the case of standard materials used for welding of layers operated under frictional conditions, containing tungsten carbides with irregular shapes, arranged in a matrix with a lower hardness, the abrasive wear mechanism is associated with the chipping of carbides from the soft matrix. In the case of EnDOtec DO*390 weld metal, microstructure tests have shown highly dispersive microand nanostructure, in which the particles of high-volume carbides (MC), boron carbides M23(BC) and borides M2B are distributed in a fine-grained iron matrix [5] . The same abrasive medium, under the same wear conditions, is not capable of "attacking weak spots" of the EnDOtec DO*390N metal wire. The structure of the welded layer allows obtaining a high resistance to abrasive wear of the metal-mineral and metal-mineral-metal type. Relative abrasion resistance rate of EnDOtec DO*390N wire alloy is 14.40 in relation to HARDOX 400 steel (indicator = 1), whereas for the EnDOtec DO*33 metal alloy (chromium cast iron with the addition of boron and niobium) is 7.92 [6] . The use of EnDOtec DO*390N wire, in the case of sinter crusher elements working in the conditions of metal-mineral abrasion and moderate impact, ensured extending the service life by 245% [1] .
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The process and results of the surfacing tests
The technological trials of surfacing of the used upper surface of screw coils of the screw conveyor with residues of the hard layer, without a buffer layer and with a buffer layer, ended with a negative result due to the occurrence of unacceptable tears in the padding layer on the upper surface of the coil of tested worm and in the buffer layer. Subsequent padding tests concerned the case of regeneration after removing the residues of the hard layer from the upper surface of the screw coils. In order to check the possibility of repairing the surface of the conveyor after removing the hard layer from the front face of the screw coil, determine the thickness of the layers and the hardness of the pad weld made of one, two, three and four layers, the attempts of surfacing of plates simulating conveyor coils and testing of padded layers were carried out. The surfacing tests were carried out on flat plates made of S355JR steel, size 8 x 250 x 120 mm, stiffened on one side on a length of 250 mm with a steel flat bar. A side layer, a buffer layer and an upper working layer ( Fig. 2 ; beads 1 to 4), were padded on the panels using sets of additional materials according to table I. Designation: *1) -For each set, plates with the upper layer surfaced with one, two, three and four-beaded plates were made, marking plates with the number of the set and the number of beads of the top layer; *2) -HARDFACE HC-O [7] wire was used to provide the padding layer of chromium cast iron, modeling the production padding weld of the side surface of the screw coils.
a) b)
Upper layer -beads 1÷4
Buffer layer
Side padding weld S355JR plate Fig. 3 . Macrostructure of surfaced plates of series 1 (filler materials according to Table I ) with the overlay weld on the face laid: a) in a single run -thickness 7 mm including the buffer layer; b) in a four runs -thickness 11.5 mm including the buffer layer
The
A total of 12 runs were laid on the width of 40 mm on the side surface with self-shielding flux cored wire of the HARD-FACE HC-O grade. The thickness of the padded layer was 4.5÷5.0 mm. Cracks with a width of ≤ 0.3 mm were found in the padded layer.
The thickness of the layer surfaced with one pass using EnDOtec DO*390N flux cored wire was 5.0÷5.2 mm. Cracks with a width of ≤ 0.05 mm reaching the buffer were found in the padded layer.
The thickness of the layer surfaced with one pass using EnDOtec DO*02 flux cored wire was 3.5 mm. The width of the buffer layer was 13.0 mm. Single cracks with a width of ≤ 0.05 mm were found in the padded layer.
The thickness of the layer surfaced with one pass using EnDOtec DO*390N flux cored wire was 2.0÷2.2 mm. The padding width was 2 mm, therefore it was 1 mm smaller than the width of the buffer layer. Cracks with a width of ≤ 0.20 mm reaching the buffer were found in the padded layer.
The macroscopic examinations did not show the occurrence of unacceptable tears, whereas the occurrence of permissible cracks in the layers were found. In the padding welds there were also single gas pores, the size of which did not exceed 2 mm, which is the permissible value according to PN-EN ISO 15614-7:2016-12, pt. 8.1.1. An exemplary macrostructure of layers surfaced on sample plates of series 1 according to Table I has been shown in Figure 3 .
In accordance with the requirements of PN-EN ISO 15614-7:2016-12, pt. 7.1. hardness tests were also carried out. The location of the measurement points is shown in Figure 4 , while Table VI presents the results of tests of the layers surfaced on the sample plates of series 1. The hardness of the upper layer of the plate No. 1 (one working layer) was A  592  707  642  134  130  136  136  136  135  --B  333  354  348  --------C  665  724  715  --------G  720  691  710  ------700  716   A  606  508  536  145  135  132  123  123  118  --14   B  292  285  258  ------- 
